
A note on jet quen
hing in 
entral Cu+Cu 
ollisionsIvan VitevLos Alamos National Laboratory, Theory Division and Physi
s Division, Mail Stop H846, Los Alamos, NM 87545, USA(Dated: July 26, 2005)We present analyti
 predi
tions on the system size dependen
e of jet quen
hing and the pTdependen
e of the nu
lear suppression in 
entral Cu+ Cu 
ollisions.PACS numbers: 12.38.Bx,12.38.Mh,25.75.-qAn approximate analyti
 formula for the energy loss
al
ulated in the Gyulassy-Levai-Vitev approa
h relatesh�Ei to the size and the soft parton rapidity density ofthe medium. For the 
ase of (1+1)D Bjorken expansionwe �nd in the limit of in�nite kinemati
 boundsh�EiE � 9CR��3s4 1A? dNgdy L 1E ln 2E�2L + � � � : (1)In Eq. 3 L is the transverse size of the medium and A?is the transvesre area. CR = 4=3 (9) for quarks (glu-ons), respe
tively is the se
ond Casimir in the fundamen-tal (adjoint) representations. Its physi
al meaning is theaverage sqaured 
olor 
hargr of the parent parton. Nu-meri
al simulations of h�Ei=E 
learly indi
ate a weakerdependen
e of the fra
tional energy loss on the jet energy.The key to understanding the dependen
e of jetquen
hing on the nu
lear spe
ies is the A or Npart depen-den
e of the 
hara
teristi
 plasma parameters in Eq. (3).We re
all thatdNgdy / dNhdy / A / Npart ;L / A1=3 / N1=3part ;A? / A2=3 / N2=3part : (2)Therefore, the fra
tional energy loss s
ales ash�EiE / A2=3 / N2=3part : (3)The predis
ted s
aling of the energy loss 
an be studiedthrough the nu
lear spe
ies dependen
e of the suppres-sion ratio. We 
onstru
t an intuitive modlel of nu
learsupression based on an underlying parton spe
trumd�partondyd2pT / 1pnT (4)If a fra
tion of the energy (or eqyivalently pT ) is lost, theinitial parton energy should be larger and1N
ol d�partondyd2pT / 1pnT (1 + h�pT ieff=pT )n (5)The nu
lear modi�
ation for observable hadrons thenreads RAA = 1(1 + �0N2=3part)n�2 : (6)

where the fa
tor n�2 is asso
iated with the phase spa
e.To 
larify the A and Npart dependen
e of jet quen
h-ing it is useful to identify the variables where su
h de-penden
e is linear. It is thus 
onvenient to plotlnRAA = ��N2=3part ; (7)if �0N2=3part is not large. Here � = (n�2)�0. The main ana-lyti
 predi
tion for the nu
lear modi�
ation as a fun
tionof the system size at �xed 
enter of mass energy (whi
hensures �xed n), whi
h follows form the GLV approa
h,is given in Figure 1. It is tied to the magnitude of thesuppression established in 
entral Au+Au 
ollision and
onsistent with the full numeri
al simulation at this en-ergy and this system. The un
ertainty in the establishedquen
hing is re
e
ted in the un
ertainty band versus thenu
lear spe
ies. The traditional way of analyzing RAAis also shown in the insert but has a disadvantage of ob-s
uring the fun
tional form of high pT single in
lusivehadron attenuation. It is 
lear that a light nu
lear sys-tem, su
h as O + O is needed to further 
onstrain theonset of attenuation e�e
ts in the QGP.We have fo
used on the most 
entral nu
lear 
ollisionsand used impa
t parameters b = 1 fm for the lightestnu
lear spe
ies and b = 3 fm for the heaviest nu
lei. ForCu + Cu 
ollisions we used b = 2 fm. On an opti
alGlauber model 
al
ulation we evaluated N2=3part (roundedto the nearest integer) using �inpp = 42 mb and a Wood-Saxon nu
lear density. Results are given in Table I.With the simple analyti
al model in pla
e we now pro-
eed to the numeri
al simulation of the quane
hing ofhigh pT in
lusive pions in 
entral Cu + Cu 
ollisions atpsNN = 200 : GeV .. This part is in the works andexpe
ted to be �nished in the next few days. It 
learlyrequires more work than the analyti
 model above. Thequestions we want to answer are� In the 5 GeV < pT < 10 GeV do our numeri
al re-sults roughly follow the analyti
al predi
tion givenabove. A Band will be 
omputed similarly to theAu+Au 
ase.� What is the pT dependen
e of the suppression inthe 5 GeV < pT < 10 GeV range? Is it approxi-mately 
at as it was predi
ted in Au+ Au?We 
al
ulated numeri
ally the ratio of the fra
tionalenergy loss for Au+Au 
ollisions and Cu+Cu 
ollisons
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FIG. 1: The predi
ted linear dependen
e of jet quen
hing in natural variables lnRAA versus N2=3part for 
entral 
ollisions of 9Be,16O, 28Si, 32S, 56Fe, 64Cu, 208Pb and 238U . The 
entral Au+Au 
ollisions quen
hing and its un
ertainty �xes the slope anderror band of the predi
ted dependen
e. The insert shows the behavior of the nu
lear modi�
ation versus the system size A.TABLE I: Summary of the relevant parameters for the parti
le spe
ies shown in the Figure 1. N2=3part is rounded to the nearestinteger. Spe
ies 9Be 16O 28Si 32S 56Fe 64Cu 197Au 208Pb 238Ub [fm℄ 1 1 1.5 1.5 2 2 3 3 3N2=3part 5 8 12 14 20 22 48 50 55
al
ulated to �rst order in opa
ity. While the analyti
predi
tions is 
lose to (h�Ei=E)AuAu=(h�Ei=E)CuCu '2:1, numeri
ally we �nd that the ratio is 
loser to 1:9or 10% smaller. This nonlinearity 
an be attributed tothe 
an
elation of a smaller part of the 
ollinear phasespa
e due to the density (temperature) dependen
e of�. For hNgi this ratio is 
lose to 1:8 due to the largersensitivity to the small !=E fra
tion of the spe
trum. Inthe ful simulation we use this fa
tor to s
ale the radiativespe
tra 
arefully 
al
ulated to 3rd order in opa
ity.
The answers:Thanks for your interest. I will keep you updated onthe new results.This work is supported by the J. R. Oppenheimer Fel-lowship of the Los Alamos National Laboratory and bythe US Department of Energy.
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FIG. 2: The predi
ted invariant multipli
ity distribution of neutral pions in 
entral Au + Au 
ollisions at psNN = 200 GeVfor medium density dNg=dy = 800 � 1150 and TAuAu = 23 mb�1. The same 
al
ulation for Cu + Cu 
ollisions for mediumdensity dNg=dy = 250 � 370 and TCuCu = 4:5 mb�1. The insert shows the 
ross se
tion for �0 produ
tion in p+ p 
ollisionsto LO pQCD 
ompared to the PHENIX data.
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FIG. 3: The nu
lear modi�
ation fa
tor RAA versus pT for the same medium sizes and densities as in the previous �gure. Notethat the predi
tion for Cu+ Cu is for a symilarly 
at suppression ratio as in Au+Au at high pT .


